
Renal Phosphate Wasting in Fibrous Dysplasia of Bone Is
Part of a Generalized Renal Tubular Dysfunction Similar to

That Seen in Tumor-Induced Osteomalacia

MICHAEL T. COLLINS,1 CAROLINE CHEBLI,2 JANET JONES,3 HARVEY KUSHNER,4

MARK CONSUGAR,5 PIERO RINALDO,5 SHLOMO WIENTROUB,6 PAOLO BIANCO,7 and
PAMELA GEHRON ROBEY1

ABSTRACT

Fibrous dysplasia (FD) of bone is characterized by focal replacement of normal bone and marrow with
abnormal bone and fibrous tissue. It arises from postzygotic activating mutations of the GNAS1 gene.
Hypophosphatemia due to renal phosphate wasting has been reported in association with FD as a part of the
McCune-Albright Syndrome (MAS), which is characterized by FD, skin hyperpigmentation, and precocious
puberty. To date, the prevalence and mechanism of phosphate wasting has not been well studied. We evaluated
42 patients with FD/MAS. Serum and urine samples were tested for indices of mineral metabolism, amino acid
handling, and markers of bone metabolism. Twenty (48%) patients had some degree of renal phosphate
wasting. Nephrogenous cyclic adenosine monophosphate (cAMP) was normal in FD patients, suggesting that
the underlying cause of phosphate wasting is not the presence of activating GNAS1 mutations in the kidney.
In addition, there was evidence of a more generalized renal tubulopathy as represented by the presence of
abnormal vitamin D metabolism, proteinuria in 36 (86%) patients, and aminoaciduria in 39 (94%) patients.
Renal phosphate wasting significantly correlated with the degree of bone involvement, as assessed by serum
and urine markers of bone metabolism, suggesting that a circulating factor produced by FD bone and
impacting on the kidney may be the mechanism. These data show that phosphaturia as part of a generalized
renal tubulopathy represents the most common extraskeletal manifestation of FD and that the observed
tubulopathy is similar to that seen in tumor-induced osteomalacia (TIO). (J Bone Miner Res 2001;16:806–813)
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INTRODUCTION

FIBROUS DYSPLASIA (FD) of bone is characterized by re-
placement of normal bone and bone marrow by a benign

fibroosseous tissue.(1,2) It may exist at a single skeletal site
(monostotic fibrous dysplasia [MFD]), at multiple skeletal
sites (polyostotic fibrous dysplasia [PFD]), or as part of the
McCune-Albright syndrome (MAS). MAS is a rare disease
classically characterized by the triad of PFD, cafe´-au-lait
pigmentation of the skin, and precocious puberty (PP).(3,4)

The molecular basis of the disease is a postzygotic activat-
ing mutation of the GNAS1 gene, which codes for the G
protein, Gsa.(5,6) Gsa is a key regulator of the cyclic aden-
osine monophosphate (cAMP) signaling cascade, and cer-
tain mutations of this protein (G227L, R201C, R201H,
R201S, and R201G) cause persistent activation of adenylyl
cyclase and increased production of intracellular cAMP.(7)

It has been postulated that germ line mutations are lethal.(8)

The postzygotic occurrence of the mutations results in so-
matic mosaicism, with patients presenting with a broad
spectrum of affected tissues. If the mutation occurs early in
development, multiple tissues are involved, and the com-
plete syndrome, MAS, results. Limited tissue involvement
may result if the mutation occurs later in development. This
may be the case in isolated pituitary adenomas that harbor
GNAS1 mutations.(9) If the mutation occurs only in skeletal
tissues, the result is MFD or PFD.

Rickets and/or osteomalacia have been reported anecdot-
ally as a rare complication of MAS, with approximately 12
cases in the literature.(10–17) One case of osteomalacia has
been reported in association with isolated FD.(13) The
rickets/osteomalacia in FD has been shown to be associated
with hypophosphatemia and renal phosphate wast-
ing.(12,14,18)It has been suggested that renal phosphate wast-
ing in FD/MAS may be caused by either renal tubule cells
bearing Gsa mutations(19) or, alternatively, to the presence
of a circulating phosphaturic factor produced by the dys-
plastic bone.(20) However, there is little evidence to support
either possibility to date.

In an effort to establish the prevalence and etiology of
phosphate wasting in FD/MAS, we performed an evaluation
of mineral metabolism in 42 consecutive patients with FD/
MAS. Because phosphaturia often coexists with additional
abnormalities in renal function in other diseases such as
tumor-induced osteomalacia (TIO), X-linked hypophos-
phatemia, and the Fanconi’s syndrome,(21–24)we also inves-
tigated other aspects of renal tubular function including
vitamin D metabolism and urinary protein and amino acids.

MATERIALS AND METHODS

FD/MAS patients

Forty-two patients who were enrolled in an Institutional
Review Board (IRB)–approved study (98-D-0145) of the
natural history of FD/MAS at the National Institute of
Dental and Craniofacial Research of the National Institutes
of Health were studied. The diagnosis of FD was confirmed
by some combination of clinical history, radiographic find-
ings, histopathological findings, and, when needed, se-

quence analysis of the appropriate region of the GNAS1
gene.(1,25) Only patients in whom the diagnosis was clearly
established were included in the analysis.

All patients were maintained on a hospital diet. The average
daily intake of the following nutrients were as follows: cal-
cium, 850 mg (range, 690-1066 mg); phosphorus, 1312 mg
(range, 1065–1744 mg); potassium, 3596 mg (range, 3107–
4595 mg); sodium, 5111 mg (range, 4282–6412 mg).

At the time of evaluation, four of the patients in this series
were children (,18 years old), yet had PP, which leads to
advanced bone age, and were skeletally mature. In statistical
analyses these four patients were analyzed according to
their bone age, as assessed by the method of Gruelich and
Pyle,(26) rather than chronological age.

Hyperparathyroid patients

Nephrogenous cAMP was measured in a randomly selected
group of 10 patients with primary hyperparathyroidism
(PHPTH) and were seen under a different IRB-approved pro-
tocol for the treatment of PHPTH (91-DK-0085).

Serum and urinary measures

All measurements of compounds in sera were performed
in duplicate on specimens collected on successive days at
8 a.m. after an overnight fast while on a hospital diet. Urine
measurements were performed on aliquots taken from 24-h
collections, which were collected coincident with the serum
samples and had been refrigerated throughout the collec-
tion. Measurements of serum and urinary creatinine, cal-
cium, phosphorus, protein, amino acids, parathyroid hor-
mone (PTH), vitamin D metabolites, and others were all
assessed by standard commercially available techniques.

Renal phosphate handling was assessed by calculating the
maximum rate of reabsorption of phosphate relative to the
glomerular filtration rate (TmP/GFR) from 24-h urine col-
lections, an adaptation of the technique and nomogram of
Bijovet.(27) Age- and gender-appropriate norms for TmP/
GFR were taken from the literature.(28) Vitamin D3 metab-
olites, 25-hydroxyvitamin D2 [25(OH)2] and 1,25-
dihydroxyvitamin D3 [1,25(OH)2D3], were assayed using
commercially available high-pressure liquid chromatogra-
phy (HPLC) and radioreceptor assays, both with a percent
CV (%CV) of 12% (Mayo Medical Laboratories, Rochester,
MN, USA). The N-terminal segment of bone collagen (N-
telopeptide) was measured using a commercially available
ELISA with a %CV of 10% (Mayo Medical Laboratories,
Rochester, MN, USA). Collagen cross-linking elements
(pyridinoline [PYD] and deoxypyridinoline [DPYD]) were
measured by commercially available assays using an HPLC
technique with a %CV of 4.7% (Mayo Medical Laborato-
ries). Bone-specific alkaline phosphatase was measured us-
ing a commercially available ELISA with a %CV of 4.2–
8.7% (Endocrine Science, Calabasas Hills, CA, USA).
Quantitative amino acids analyses were performed using a
Beckman 6300 amino acid analyzer (Beckman, Palo Alto,
CA, USA) equipped with a lithium 10-cm column accord-
ing to an established method.(29) Nephrogenous cAMP was
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assayed with a commercially available HPLC technique
with a %CV of ,10% (Mayo Medical Laboratories).

Statistical analysis

Bivariate correlations among numerically continuous
variables were computed using the Pearson or Spearmanr,
and simple linear regression lines were plotted. Correlations
also were computed controlling for (partialing out) age.
Two-way analysis of variance (ANOVA) was performed to
compare means between gender and age groups with a test
for interaction. Values ofp # 0.05 were considered statis-
tically significant. No Bonferroni adjustments were per-
formed. All analyses were performed using SAS version
6.12 (SAS Institute, Inc.,Cary, NC, USA).

RESULTS

Patient demographics

Patient demographics are presented in Table 1. The pa-
tients studied had a spectrum of bone disease that ranged
from mild MFD to severe PFD (with nearly every bone
involved, panostotic). Ages ranged from 5 to 57 years.
There were 25 female and 17 male patients—36 whites, 2
blacks, 3 Hispanics, and 1 Asian.

Renal phosphate wasting

Given the age- and gender-specific differences in TmP/
GFR,(28) the results of TmP/GFR testing are grouped and
displayed accordingly (Fig. 1). The normal ranges are de-
rived from the literature(28) with the normal ranges (mean6
2 SD) indicated. Twenty patients (48%) had a reduced
TmP/GFR and thus some degree of phosphate wasting. The
correlation between TmP/GFR and serum phosphorus was
strong (r 5 0.79 for children andr 5 0.89 for adults, data
not shown). However, in 13 of the 20 patients with a low
TmP/GFR (65%), the serum phosphorus was within the
age-specific normal range (data not shown). Using a two-

way ANOVA for TmP/GFR, there was a statistically sig-
nificant interaction between gender and TmP/GFR in the
26- to 45-year age group; all of the males in this group had
a low TmP/GFR and 8 of the 9 females had a TmP/GFR
within the normal range.

Vitamin D metabolism

In normal subjects, serum phosphorus is an important
regulator of the 1,25(OH)2D3 concentration, and an inverse
relationship exists between the two variables(30); that is,
lower serum phosphate concentrations are associated with
higher 1,25(OH)2D3 concentrations. In our population, the
opposite was observed. There was a statistically significant
positive correlation between serum phosphorus and
1,25(OH)2D3 levels (Fig. 2). Of the 42 patients, 2 patients
(5%) had undetectable serum 1,25(OH)2D3 levels (,5 pg/
ml) on repeated measurement.

Proteinuria and aminoaciduria

Because proteinuria and aminoaciduria have been asso-
ciated with other renal tubulopathies such as TIO and the
Fanconi syndrome,(21,24)we performed assays to determine
if they also occur in patients with FD. Thirty-seven patients
(86%) showed some degree of proteinuria (Fig. 3). The
highest urinary protein observed was 291 mg/24 h, reflect-
ing a relatively mild degree of proteinuria. The electro-
phoretic pattern revealed a low molecular weight distribu-
tion, consistent with a tubular proteinuria (data not shown).
Although the concentrations of serum amino acids were in
the normal range, 39 patients (94%) showed some degree of
aminoaciduria. Only 3 patients (7%) had a normal urinary
amino acid screen (Table 2). Table 3 is a representative
profile of urinary amino acids of 1 patient with aminoacid-
uria. This shows the finding of a generalized aminoaciduria,

TABLE 1. PATIENT DEMOGRAPHICS

Childrena Adults Total

Male
age range: 5–51 years 10 7 17
mean: 20.86 14.5 years

Female
age range: 7–57 years 9 16 25
mean: 24.66 13.3 years

Total 19 23 42
Diagnosis

PFD 2 7 9
FD and cafe´-au-lait or
FD and endocrinopathy

5 4 9

MAS 12 12 24
Total 19 23 42

a Chronological age, 18 years.

FIG. 1. TmP of phosphate per GFR (TmP/GFR) in patients with FD.
Individual patient values of TmP/GFR are indicated and grouped
according to age as indicated. The normal range (derived from the
literature,(27) mean6 2 SD) for each age and gender group is indicated
by the box. Twenty (42%) of the patients had a TmP/GFR below
normal.
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not suggestive of defects in specific amino acid transport
systems.

In addition to the finding of aminoaciduria, chromatog-
raphy of urinary amino acids in patients with FD showed a
distinct pattern, different from that of a normal control
subject (Fig. 4). Unknown compounds were consistently
detected in the urine of affected FD patients who displayed
aminoaciduria (peaks labeled with asterisks in Fig. 4). To
exclude the possibility that the aberrant peaks simply rep-
resented an elevated concentration of physiological amino
acids with a similar or overlapping retention time, samples

were reanalyzed using a different HPLC-based method in
which the elution profile for the amino acids is different.
These additional analyses confirmed that the unusual peaks
were not physiological amino acids. Further characteriza-
tion of the modified amino acids represented by these peaks
is ongoing.

Nephrogenous cAMP

It has been suggested that renal phosphate wasting spo-
radically observed in MAS patients may be the result of the
presence of Gsa mutations in renal tubular cells, and that
the presence of mutation in the kidney would result in an
elevation of nephrogenous cAMP, as in hyperparathyroid-
ism.(19) The mean (6SD) basal nephrogenous cAMP in the
FD patients was in the normal range and significantly less
than a group of PHPTH patients (p , 0.05; Fig. 5).

Correlation between bone disease activity and TmP/
GFR

By analogy to TIO, the renal phosphate wasting in FD
also may be caused by secretion of a circulating factor.(20) If
so, we hypothesize that markers of bone metabolism, used
here as an indicator of bone disease activity, would be
correlated negatively with TmP/GFR. The range, mean, and
SD of various markers of bone metabolism (alkaline phos-
phatase, bone-specific alkaline phosphatase, osteocalcin,
N-telopeptide, and PYD and DPYD cross-links), as well the
correlation of the markers to TmP/GFR, are presented in
Table 4. To control for the fact that markers of bone
metabolism in children are normally elevated relative to
adults, the correlations between bone markers and TmP/
GFR were calculated controlling for (partialing out) age
(Table 4). Once age is adjusted for, there is a statistically
significant negative correlation between the markers of bone
metabolism to TmP/GFR (r 5 20.366 to20.640;p 5 0.02
to ,0.001). Thus, the higher level of bone activity, the
lower the TmP/GFR and the greater the degree of renal
phosphate wasting.

Significant negative findings

In this series of patients, there was no evidence of mag-
nesuria, or calciuria as is seen in PHPTH. Serum bicarbon-
ate and urinary pH were normal in all patients. Except for
one 57-year-old patient with type 2 diabetes mellitus, there
was no evidence of glucosuria. Therefore, many of the

FIG. 2. Relationship between serum 1,25(OH)2D3 and serum phos-
phorus. The average of two measurements of serum phosphorus are
plotted against the average of two determinations of serum
1,25(OH)2D3 for each patient. Unlike that which is seen under normal
physiological conditions, a positive correlation exists between the
serum phosphorus concentration and the serum 1,25(OH)2D3 values.
The normal range is indicated by the area between the hatched lines.

FIG. 3. Urine protein per 24 h in patients with FD. The average of
two 24-h urine collections is represented by a point for each patient.
The normal range is indicated by the box. Thirty-six patients (86%) had
some degree of proteinuria.

TABLE 2. AMINOACIDURIA IN PATIENTS WITH FD

Number of amino acids/28
elevated in urine

Number of subjects with
abnormality (%)

0 3 (7)
1–5 15 (36)
6–10 11 (24)

11–15 7 (17)
$16 7 (17)
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components of a generalized renal tubulopathy that are seen
in cases of renal tubular damage, such as an acquired
Fanconi syndrome, were absent. Furthermore, there was no
evidence of cumulative or progressive renal damage, as
indicated by the lack of change in GFR, or association
between GFR and age.

DISCUSSION

Before this study, the prevalence of either hypophos-
phatemia and/or renal phosphate wasting in association with
FD had not been examined closely. In a large series of
patients with FD, we have established that renal phosphate
wasting is a common finding in FD. Twenty of the 42
patients (48%) in our series show some degree of phosphate

wasting. Of note is the fact that the serum phosphorus
concentration of 13/20 (65%) patients with a low TmP/GFR
was in the normal range, indicating that calculation of the
TmP/GFR is necessary to establish phosphate wasting. We
also found that the renal phosphate wasting is part of a more
general proximal renal tubulopathy as manifested by altered
vitamin D metabolism, proteinuria, and aminoaciduria. This
is the first report indicating that a proximal renal tubulopa-
thy is a common feature in patients with FD.

Renal phosphate wasting—endogenous Gsa mutation
or phosphaturic factor?

The etiology of the phosphate wasting observed in asso-
ciation with FD is debated. Because Gsa mutations have
been found in kidney tissue in severe, neonatal lethal MAS
cases,(5) it has been suggested that the abnormality is en-

TABLE 3. URINARY AMINO ACIDS IN A PATIENT WITH FD

Amino acid Valuea Normal Amino acid Valuea Normal

Taurine 1002b (35–260) Arginine 32b (10–25)
Threonine 585b (25–100) Carnosine 115 (34–220)
Serine 1185b (93–210) 3-Methyhistidine 313b (42–135)
Asparagine 715b (15–40) Histidine 2981b (46–725)
Glutamic acid 14 (13–22) Methionine 110b (7–20)
Glutamine 1257b (15–400) Lysine 700b (19–140)
Glycine 6021b (195–855) Ornithine 24b (3–16)
Alanine 1106b (65–190) b-Aminobutyric acid 53 (25–96)
Citrulline ,5 (0–13) b-Alanine 21 (0–42)
a-Aminodipic acid 179b (25–78) Cystathionine 24b (2–7)
Valine 82b (17–37) Phenylalanine 114b (20–61)
Cystine 78b (11–53) Tyrosine 387b (30–83)
Leucine 82b (9–23) Isoleucine 77b (3–15)
a-Aminobutyric acid 39b (7–25) 1-Methyldistidine 1709b (41–300)

a Units 5 mmol/24 h.
b Beyond normal range.

FIG. 4. Chromatographic profile of urinary
amino acids in a patient with FD and in a normal
control. The top panel is a normal control subject
and the bottom panel is a patient with FD. The
legend for numbered peaks is as follows: (1)
taurine, (2) urea, (3) glucosaminic acid (internal
standard), (4) hydroxyproline, (5) threonine, (6)
serine, (7) glutamine, (8) glycine, (9) alanine,
(10) valine, (11) cysteine, (12) methionine, (13)
cystathionine, (14) isoleucine and leucine, (15)
ammonia, (16) aminoethylcysteine (internal
standard), (17) 1-methylhistidine, (18) histidine,
and (19) 3-methylhistidine. Peaks highlighted
and marked with an asterisk correspond to ab-
normal peaks consistently detected in the urine
of FD patients. The possibility that these repre-
sent an elevation in normal physiological amino
acids was excluded and their identity currently is
unknown.
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dogenous to renal tubular cells.(19) Others speculate that it is
the effect of a phosphaturic factor produced by FD bone.(20)

In an effort to distinguish between these two pathogenetic
mechanisms, we performed an extensive clinical and bio-
chemical evaluation of a series of patients with FD.

PTH activation of renal tubular Gsa generates an eleva-
tion in nephrogenous cAMP,(31) which is a common finding
in hyperparathyroidism.(32) Therefore, if Gsa was constitu-
tively activated in the kidney because of the presence of
activating mutations, it would be expected that FD patients
with phosphate wasting also would have elevated basal
nephrogenous cAMP levels. This was not observed in our
study. The basal levels of nephrogenous cAMP were in the
normal range in all patients and significantly lower than
those in a group of patients with PHPTH. Our findings of
decreased TmP/GFR in conjunction with normal basal ne-
phrogenous cAMP suggest that a mechanism other than
endogenous renal Gsa mutations is the cause of phosphate
wasting, although it cannot be ruled out that some patients
also may have activating mutations in renal Gsa.

Further distinguishing these findings from those seen in
PHPTH is the relationship between serum phosphorus and
1,25(OH)2D3 levels. Serum phosphorus is a key regulator of
25(OH)D3-1a-hydroxylase (1a-hydroxylase) activity in the
renal proximal tubule, and thus serum levels of
1,25(OH)2D3. Under normal physiological conditions, low
serum phosphorus stimulates 1a-hydroxylase activity and
increases the serum level of 1,25(OH)2D3.

(30) In PHPTH,
1,25(OH)2D3 levels are normal or high and maintain an
inverse relationship (negative correlation) to serum phos-
phorus.(30) We found that in FD lower serum phosphate was
correlated with lower serum 1,25(OH)2D3. This suggests
that there is an alteration of 1a-hydroxylase activity in FD.
A similar observation has been made in TIO and X-linked
hypophosphatemia but not in the phosphaturia of hyperpara-
thyroidism.

Supporting the hypothesis that fibrous dysplastic bone
elaborates a phosphaturic factor, is the report of a patient
with FD and phosphate wasting in whom the phosphate
wasting corrected after extensive resection of FD tissue.(13)

The fact that markers of bone metabolism, as a surrogate
marker for FD tissue burden, significantly correlate with
TMP/GFR (Table 4) also supports the hypothesis that the
etiology of the phosphate wasting is a phosphaturic factor
elaborated by FD bone.

Based on characterization of patients with TIO, current
thinking suggests that the abnormal phosphate metabolism
is mediated by a systemic factor “phosphatonin” and that
abnormalities in its metabolism result in the generation
of systemic osteomalacia.(22) This putative phosphate-
regulating factor has not yet been isolated, and it is not
known what cell type produces it, although bone-forming
cells are likely candidates.(33) Mutated cells within FD le-
sions may produce abnormal levels of this factor; alterna-
tively, they may deregulate its production by normal osteo-
genic cells or cells elsewhere in the body. Another
possibility is that the hypermetabolic fibrous dysplastic
bone produces a factor(s) toxic to the kidney.

Even more prevalent than phosphate wasting and de-
rangement of vitamin D metabolism is the finding of pro-
teinuria and aminoaciduria in most of the patients in this
series. Proteinuria and aminoaciduria also are seen in
TIO.(21) The magnitude of the proteinuria was mild (the
highest value was 291 mg/24 h) and characterized by the
presence of low molecular weight proteins in the urine.
Relative to the glomerulonephropathies, in which grams of
protein per day can be detected in the urine, the proteinuria
in FD is not likely to be of major clinical significance. The
aminoaciduria was variable with respect to the number of
amino acids in which the concentration was elevated in the
urine. The pattern was that of a generalized aminoaciduria,
indicating that it was not an isolated transport system that
was affected. Interestingly, the aminoaciduria was further
characterized by the consistent presence of unknown me-
tabolites in the urine of patients with FD (Fig. 4).

The etiology of the aminoaciduria is not clear. Some have
suggested that high PTH and/or low serum vitamin D can
directly impact the renal tubule and cause aminoaciduria.(34)

Although hyperparathyroidism can be associated with ami-
noaciduria, this is an uncommon finding and in those cases
in which it is present, it usually is an isolated glycinuria.(34)

It is not likely that changes in vitamin D metabolism or
hyperparathyroidism account for the common place occur-
rence of aminoaciduria seen in our patients. Although 7
patients (17%) had serum vitamin D levels low enough to
induce secondary hyperparathyroidism at the initial evalu-
ation (data not shown), the secondary hyperparathyroidism
resolved with vitamin D replacement. The data shown in
this study represent evaluations done at least 3 months after
vitamin D replacement and normalization of serum PTH.
Furthermore, only 2 (5%) of the patients had persistent
abnormalities in vitamin D levels [decreased serum
1,25(OH)2D3] at the time of testing; yet 40 (94%) of the
patients had some degree of aminoaciduria.

The renal findings in FD patients are similar to those
observed in patients with TIO, X-linked hypophosphatemia,

FIG. 5. Comparison of nephrogenous cAMP between patients with
PHPTH and FD. The average and SD of nephrogenous cAMP in
patients with PHPTH (n 5 10) and patients with FD (n 5 42) are
shown. The normal range of nephrogenous cAMP is indicated. The
groups are statistically different from each other (one-way ANOVA;
p , 0.05).
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autosomal dominant hypophosphatemia, and the Fanconi
syndrome. In these conditions the renal findings are phos-
phate wasting, mild proteinuria, aminoaciduria, and normal
nephrogenous cAMP.(21,24,35,36)The absence of carbonatu-
ria, glucosuria, and acidosis in FD distinguishes it from the
Fanconi syndrome. Thus, it appears that the phosphate
wasting observed in association with FD is more similar to
that seen in the phosphotonin-mediated phosphate wasting
syndromes, TIO, and X-linked and autosomal dominant
hypophosphatemia and distinct from that seen in either
PHPTH or the tubular damage (Fanconi) syndromes.

Clinical significance

Given the recent report that FD lesions can be osteoma-
lacic,(25) the finding of renal phosphate wasting is of clinical
significance. Renal phosphate wasting with chronically low
serum phosphorus (or perhaps even low to normal levels in
growing children) may influence the development of le-
sional osteomalacia. Undermineralization of FD bone may
contribute to the development of the shepherd’s crook de-
formity of the proximal femur, the quality of fracture heal-
ing, and to the rare but serious complication of platybasis of
the skull. Therefore, it is critical to assess the phosphate
status of patients with FD. We currently prescribe phospho-
rus supplementation for patients both with low serum phos-
phorus and with low-normal serum phosphorus but a low
TmP/GFR. As in other patients with phosphate wasting
syndromes, phosphate supplementation usually results in
secondary hyperparathyroidism, the prevention of which is
brought about by adding vitamin D (calcitriol) to the regi-
men. Long-term studies in FD patients are required to
determine if raising serum phosphorus levels will improve
the quality and mechanical properties of osteomalacic bone

in FD. Furthermore, it is clinically relevant to determine the
presence or absence of phosphate wasting before treatment
with bisphosphonates, which have been reported to be ben-
eficial in the treatment of FD, but in certain circumstances,
may themselves be associated with mineralization de-
fects.(37)

Our data show that a renal tubulopathy manifested by
phosphate wasting, altered vitamin D metabolism, low mo-
lecular weight proteinuria, and aminoaciduria is common in
FD/MAS. In fact, the renal tubulopathy represents the most
common metabolic feature in this group of patients. Our
findings suggest that the cause may be a circulating factor
produced by fibrous dysplastic bone, although the presence
of mutations in renal Gsa cannot be excluded and may
contribute. Further study is needed to determine the precise
pathogenetic mechanisms and appropriate clinical care.
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